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Surficial Geology and Neotectonics of
Selected Areas of Western Idaho and
Northeastern Oregon

INTRODUCTION

The region described in this report is in an
area of complex geology and geomorphology in west-
ern Idaho and northeastern Oregon (fig. 1). The
western part of the region is underlain by rocks com-
prising an allochthonous island arc terrane that was
accreted to the North American plate during the
Cretaceous (Brooks and Vallier, 1978). The eastern
part of the region is underlain by granitic and meta-
morphic rocks of the Cretaceous Idaho Batholith
(Armstrong and others, 1977; Vallier and Brooks,
1987). The entire region has subsequently been
buried by voluminous flows of Miocene Columbia
River Basalt Group basalt (Reidel and Hooper,
1989). Miocene to recent faulting (Hooper and
Conrey, 1989) has uplifted the region into a series of
dissected plateaus, broken by occasional fault-con-
trolled basins and ranges. The western part of the
region is dominated by northwest-trending normal
faults (Walker and MacLeod, 1991), and the eastern
part of the region is dominated by north-trending
normal faults (Mitchell and Bennerr, 1979;
Fizgerald, 1981). The northwest-trending struc-
tures may form the southeastern end of a right-later-
al “megashear” zone known as the Olympic-Wallowa
lineament (Mann and Meyer, 1993), although others
believe thart this apparent alignment of structures is
simply a zone of regional crustal weakness reactivat-
ed in the contemporary tectonic stress regime
(Simpson and others, 1993). This report is focused
on the surficial geology and evidence for recent fault-
ing in Meadows Valley, Long Valley, and the Rush
Peak area in western Idaho, and the Grande Ronde
Valley in northeastern Oregon. The time terms used
to described the ages of Quaternary deposits and
events in this report are listed in table 1.

FAULT SCARP PROFILES

Most of the geologic data in this report were
obtained using common geologic methods such as
surficial geologic mapping, airphoto interpretation,
and comparisons of relative soil development.
However, fault-scarp profiling is a specialized tech-
nique that requires some additional explanation.
Scarp-profile data (table 2) are commonly used to
evaluate the ages of geomorphic escarpments such
as fault scarps. A simple method is to compare
scarp-slope and scarp-height measurements to those
of scarps of known age (Bucknam and Anderson,
1979). Scarps that plot relatively above regression
lines of known age are thought to have a younger
age, and those that plot below are thought to be
older. One of the most commonly used data sets is
from the Bonneville shoreline, a late Pleistocene
highstand shoreline of Lake Bonneville in northern
Utah. In this study, two sets of scarp data were
used for age comparisons: data from the Bonneville
shoreline (15-16 ka; Scott and others, 1983;
Currey, 1990) and data from fluvial scarps of vary-
ing aspect in central Idaho (15+4 ka; Pierce and
Colman, 1986).

Fault scarps obviously form under different
processes than fluvial and shoreline scarps, but the
processes that modify them after formation are
thought to be similar (Pierce and Colman, 1986).
One significant difference is that fault scarps, espe-
cially those that are more than 2-4 m high, usually
form as a result of repeated surface-faulting events
that may be separated in time by hundreds to thou-
sands of years. This rejuvenation of fault scarps
formed by multiple events tends to create scarps
that have steeper scarp-slope angles, and hence
younger morphologic ages, than their total scarp



TABLE 1. Time terms for the Quaternary Period used in this report, modified from Morrison (1991) and Izett

and Obradovich (1994).

Subdivision Time Span
Holocene present to 10 ka
latest Pleistocene 10kato ~28 ka
late Pleistocene 10kato ~128 ka
middle Pleistocene ~128 kato 770 ka
early Pleistocene 770 ka to 1650 ka
late Quaternary present to ~128 ka

Quaternary present to 1650 ka

TABLE 2. Scarp-profile data from faulss in western Idaho and northeastern Oregon. See figures 2, 8, and 11 for
data plots, and figures 7, 10, and 12 for profile locations.

Profile Fault Name Scarp Lower Upper Maximum Scarp Surface
Number Azimuth Slope Slope  Slope Angle Height  Offset
© Angle Angle (m) (m)
RC94-1 Rush Peak 222 3.0 7.0 15.0 73 49
ZW-I* Rush Peak 155 4.5 8.5 17.5 73 4.4
ZW-II* Rush Peak 195 55 5.0 16.4 10.4 6.9
LGW94-1 W. Grande Ronde 50 ‘8.5 11.0 27.0 12.0 8.2
LGW94-2 W. Grande Ronde 85 10.0 11.5 24.0 11.3 6.8
LGE%4-1 E. Grande Ronde 250 13.0 18.0 25.5 13.9 6.0
LGE9%4-2 E. Grande Ronde 250 13.5 18.5 28.5 23.2 10.8

*Scarp parameters measured from published scarp profiles (Zollweg and Wood, 1993, their figs. 2-11, 2-12) by the
author.






height would suggest. Thus plots of scarps with
heights greater than ~4 m should be considered
maximum morphologic ages for the youngest event
recorded by these scarps.

The plots of the data points as well as the
spacing between the linear regressions fit to the ref-
erence data are useful in describing the precision of
scarp-profile methods (fig. 2). The wide scatter evi-
dent in data from scarps of nearly identical age is a
reflection of variations in rates of scarp modifica-
tion related to differences in scarp materials, aspect,
microclimate, and macroclimate. Ideally, the best
scarp profile comparisons are made to reference
scarps of similar aspect formed in similar materials
and environments (Pierce and Colman, 1986).
Unfortunately, no reference scarp data are available
that exactly match the climate of the sites examined
in this study (table 3). However, at least in the case
of the central Idaho data, scarps can be sorted with
respect to aspect (fig. 2) to reduce the effects of
microclimate on rates of scarp modification (Pierce
and Colman, 1986). Given these caveats, compar-
isons between fault scarps and the reference scarps
from central Idaho and north-central Utah probably
are useful in providing reasonable relative age infor-
mation.

IDAHO STUDY AREAS
Long Valley

Long Valley is a large, north-trending inter-
montane basin in western Idaho (fig. 1). A large
displacement (~3 km; Kinoshita, 1962, Schmidt
and Mackin, 1970), down-to-the-east normal fault
on the western side of Long Valley forms the steep
eastern flank of West Mountain. The east side of
Long Valley probably is controlled by west-dipping
normal faults of lesser displacement, but the gentle,
embayed slopes on this side of the valley and strong
westward tilt of rocks in the valley (Schmidt and
Mackin, 1970, p. 5) indicate that these faults are
less active than the dominant faults on the west side
of Long Valley. The Long Valley fault system has
been examined for evidence of Quaternary move-
ment by numerous investigators (Gilbert and oth-
ers, 1983; Geomatrix Consultants, 1989; Zollweg
and Wood, 1993), but no conclusive evidence of
fault scarps in Quaternary deposits has been found.
I found no evidence of late Quaternary movement

along this fault system, although most of the moun-
tain front is steep, heavily forested, and obscured in
places by large landslides. Timber Ridge glacial
deposits, which are thought to be equivalent to Bull
Lake deposits in the Rocky Mountains, appear to lie
unfaulted across the fault zone southwest of McCall
(Schmidt and Mackin, 1970; Colman and Pierce,
1986). Thus the latest movement on the Long
Valley fault system probably predates the 140-150
ka age of these deposits (Colman and Pierce, 1986).

Sackung Features on West Mountain

Extensive large landslides are present along
the east flank of West Mountain in the vicinity of
No Business Mountain, on the west side of Long
Valley (PE. Carrara, oral commun., 1995). Several
examples of trench or graben-like surficial features
thought to be sackungen are present along the crest
of West Mountain just west of these large landslides
(fig. 3). These features comprise a northeast-trend-
ing zone about 1 km wide by 2 km long. Most of
these features have little relief and consist of vegeta-
tion lineaments or linear contacts between bedrock
and soil-and sediment-filled meadows. The under-
lying bedrock is predominantly Cretaceous meta-
morphic and granitic rocks of the Idaho Batholith
(Mitchell and Bennett, 1979; Fitzgerald, 1981). In
a few places, the foliation and bedding in these
rocks is roughly parallel to the trends of sackungen,
indicating that pre-existing bedrock attitudes are
controlling sackung orientation. In a few locations,
the sackungen form grabens with up to several
meters of relief in surficial deposits. Some sackun-
gen are the loci of ephemeral springs, which are
probably caused by bedrock control of shallow
groundwater systems.

The origin of the sackung features on West
Mountain is unknown, but studies elsewhere in
mountainous areas of western North America sug-
gest several possibilities. Some studies suggest that
sackung features are directly related to tectonic
activity (e.g. Solonenko, 1977; Morton and others,
1989), but many studies relate sackung features to
large-scale gravitational spreading of mountainous
terrain (Radbruch-Hall and others, 1976; Bovis,
1982; Varnes and others, 1989; Clague and Evans,
1994; McCalpin and Irvine, 1995). The presence
of Pinedale-aged cirques (Carrara and Doerner,



TABLE 3. Historic climate data (Western Regional Climate Center, unpublished web site data, 1997) for
selected reference and fault scarp profile sites.

Scarp Location Climate Data Location MAT (°C)’ MAP (cm)?
*Lake Bonneville, UT Delta, UT 10.1 19.8
*Lake Bonneville, UT Richfield, UT 9.4 21.1
*Central ID Arco, ID 5.5 25.9
*Central ID Mackay, ID 5.5 24.8
Rush Peak, ID Cambridge, ID 8.8 50.8
Rush Peak, ID Council, ID 9.1 67.3
La Grande, OR La Grande, OR 9.4 44 .4
La Grande, OR Union, OR 8.8 35.1
'Mean annual temperature

*Mean annual precipitation

*Reference scarps
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FIGURE 2. Plot of all scarp height and slope angle values obtained in this study. Three solid lines are lin-
ear regressions of plotted data from three reference scarps: profiles of Bonneville shoreline in central Utah
(15-16 ka; age from Scott and others, 1983 and Currey, 1990; data from R.C. Bucknam, pers. comm.,
1996); profiles of northeast and southwest-facing fluvial scarps in Big Lost River Valley, central Idaho (154
ka; age and data from Pierce and Colman, 1986). Note the wide point scatter between all three 15 ka refer-
ence lines. Scarps that plot significantly above the regression lines suggest relative ages that are younger than
the reference scarps; scarps that plot significantly below the regression lines suggest relative ages that are
older than the reference scarps. Larger fault scarps (>4 m in height) probably are formed by multiple events
and thus yield maximum morphologic ages.
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FIGURE 3. Map of sackung features, vegetation lineaments, and landslide headscarps on West Mountain,
west flank of Long Valley; see figure 1 for location.



1996) and large landslides on the steep eastern
flank of West Mountain support the hypothesis that
these sackung features are related to slow gravita-
tional movements related to glacial and/or landslide
erosion, rather than tectonic activity. The presence
of sackungen on the gentler west flank, rather than
the steeper east flank of West Mountain appears to
be anomalous, but similar relations in many places
in the western United States led Varnes and others
(1989, p. 18) to speculate either that such sackun-
gen are related to greater remaining mass (and thus
higher gravitational stresses) on the gentler slopes,
or that any sackungen formed on the steeper flanks
have been removed or obscured by erosion.

The ages of the West Mountain sackung fea-
tures are unknown, but several aspects of the geo-
morphology of the area give clues to their ages and
rates of activity. The west flank of West Mountain
is covered by a thick (up to a meter) blanket of late
Quaternary loess; some of this silty sediment has
partially to completely filled some of the sackung
grabens. In several bogs in cirques along the east
flank of West Mountain, this loess overlies sedi-
ments containing Glacier Peak tephra.
Radiocarbon assays on woody materials and organic
sediment overlying the tephra and underlying the
loess yield ages of 10-12 ka (Carrara and Doerner,
1996), If the West Mountain sackung features
formed in response to glacial unloading and lands-
liding related to deglaciation, then these features
probably were initially formed in very latest
Pleistocene time. Although the presence of several
meters of relief on some sackung scarps indicate
repeated movement in the Holocene, few of the
sackung features have the fresh appearance of very
young sackungen described in similar settings else-
where (e.g. Varnes and others, 1989; Clague and
Evans, 1994). The relatively subdued appearance of
the West Mountain features may be a result of
slower rates of slip in the Holocene, as has been
documented in recent detailed sackung investiga-
tions in Colorado (McCalpin and Irvine, 1995).

Meadows Valley

Meadows Valley is a small, north-trending
intermontane basin located a few kilometers north-
west of McCall, Idaho (fig. 1). The valley resem-
bles a half graben, with an embayed, gently sloping

western margin and a steep eastern margin, but
north-trending normal faults offset Columbia River
Basalt Group basalt and granitic rocks of the Idaho
Batholith along both valley margins (Fitzgerald,
1981). The steep eastern flank of Meadows Valley
appears to be controlled by a north-trending, down-
to-the-west normal fault zone (herein informally
termed the Meadows Valley fault zone), but
bedrock knobs on the valley floor suggest little sedi-
ment accumulation in the graben and relatively
small total displacements across the range-bounding
fault zones (fig. 4).. The Meadows Valley fault zone
may be best expressed in the southern part of the
valley, where weakly developed faceted spurs in
basaltic bedrock mark the probable fault trace along
the eastern valley margin from Fourmile Creek
southward to south of Goose Creek. North of
Fourmile Creek, the fault zone steps westward
about 1 km, loses any evidence of facets, and
decreases in displacement as it trends northward to
the head of Meadows Valley. This section of the
fault zone is developed mostly in granitic rocks.
Photo reconnaissance and field investigations
yielded no evidence of faulting in Quaternary
deposits along the Meadows Valley fault zone. For
example, the Pinedale-equivalent glacial outwash
fan present where Goose Creek enters Meadows
Valley (Othberg, 1982) lies unfaulted across the
trace of the Meadows Valley fault zone.
Stratigraphically equivalent Pilgrim Cove and
McCall moraines and outwash in Long Valley a few
kilometers to the east are thought to have formed
14-20 ka (Colman and Pierce, 1986), so faulting on
the Meadows Valley fault zone must predate the age
of these deposits. Older alluvial fan remnants and
landslides also lie unfaulted across the trace of the
Meadows Valley fault zone. Unfaulted older fan
remnants are present at Sixmile and Fourmile
Creeks, and large landslides are deposited across the
fault trace north of Sixmile Creek and south of
Goose Creek (fig. 4). The ages of these deposits are
unknown, but well developed reddish soils (SYR
and 7.5 YR hues) on some of these deposits are
similar to or better developed than soils on 140-150
ka Bull Lake-equivalent Timber Ridge deposits in
Long Valley (Colman and Pierce, 1986). Such cor-
relations indicate that latest movement on the
Meadows Valley fault zone predates 140 ka.




































Grande. A series of fluvial terrace risers that
extends northwestward from the Grandview terrace
marks the ancient course of the Grande Ronde
River through the city. Correlation of these terrace
remnants yields a paleosurface whose gradient (4-5
m/km) is the same as the present valley gradient of
the Grande Ronde River.

The age of the faulted terrace at the northern
end of the Foothill segment is unknown, but
regional soils correlations are useful in estimating
the age of this feature. A soil in the terrace sedi-
ments exposed in the Foothill Road gravel pit con-
sists of 30- to 50-cm-thick A and AB horizons
formed in loess, overlying a well developed 10- to
20-cm-thick Bt horizon and a 10- to 20-cm-thick
stage [+ Bk horizon in the underlying sandy pebble
gravel. Similar soil development was described by
Crandell (1967) in pre-last-glacial-maximum
deposits at Wallowa Lake, ~60 km to the east.
Crandell (1967, p. C152) used the occurrence of Bt
horizons to tentatively correlate his unit T drift
with the Bull Lake glaciation in the Rocky
Mountains. Glacial deposits related to this glacia-
tion (oxygen-isotope stage 6) are thought to have
been last deposited 140-150 ka (Pierce and others,
1976, 1982). Similar soil relations are apparent
near McCall, Idaho, where Bt horizons are absent
or only weakly developed in the youngest tills, but
are moderately developed in early Wisconsin (oxy-
gen-isotope stage 4) Williams Creek moraines,
thought by Colman and Pierce (1986) to have
formed about 60 ka. This age is consistent with the
end of oxygen-isotope stage 4 (Chappell and
Shackleton, 1986), a period of colder temperatures
intermediate between the better expressed glacial
deposits associated with stages 2 and 6. An oxygen-
isotope stage 4 age also is consistent with soil devel-
opment associated with TL-dated loess deposits in
the eastern Snake River Plain (Forman and others,
1993). Several TL ages indicate a period of loess
deposition 60-80 ka at the Idaho National
Engineering Laboratory, 450 km southeast of the
Grande Ronde Valley (Forman and others, 1993).
The Foothill Road fluvial sediments cannot be
directly correlated with any of these deposits, but
thick alluvial fills are commonly thought to have
been deposited during or rapidly following glacial
maximums in the western United States (Pierce and
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Scott, 1982). The soils comparisons and the height
of the Foothill Road terrace above the modern river
(~25 m) indicate that these fluvial deposits proba-
bly are not latest Pleistocene in age, but rather were
deposited during older glacial periods as much as
60-140 ka.

No scarp profiles were obtained on the scarp
at the northern end of the Foothill segment, but
where not disturbed by home and roadbuilding, the
scarp is very subdued. At this location, latest move-
ment on the Foothill segment does not appear to be
latest Pleistocene in age, but further south, Simpson
and others (1993) describe better evidence for late
Pleistocene or Holocene movement along the
mountain front south of the Grandview Cemetery.
I found no evidence of Holocene fault movements
during my brief reconnaissance of the northern part
of the Foothill segment, but the steep range-front
morphology and scarps in older alluvial deposits
indicates a late Pleistocene age (<60-140 ka) for lat-
est movement on this part of the WGRVFZ.

La Grande Segment

As with the Foothill segment, the La Grande
segment is best expressed as a series of steep, linear
escarpments in the vicinity of the city of La Grande
(fig. 10). In a few places along the La Grande seg-
ment, short fault scarps are preserved in alluvial-fan
deposits near canyon mouths. With the exception
of a small (1- to 2-m-high) possible fault scarp in
young alluvium at the mouth of Deal Creek, most
scarps are restricted to pre-Holocene(?) fan and ter-
race remnants that lie 5-10 m above the grade of
modern drainages. Two- to five-meter-high scarps
in pre-Holocene alluvial deposits are located at the
mouth of Deal Creek and at the mouth of an
unnamed drainage 0.8 km south of Deal Creek
(Stmpson and others, 1993). Larger scarps on land-
slide deposits are located south of the mouth of
Mill Creek. Fault-scarp heights are difficult to
measure in these older deposits, but offsets of
about 20 m are apparent on topographic maps.

The ages of offset Quaternary deposits on the
La Grande segment are unknown. No exposures of
offset fan alluvium were observed at canyon
mouths, but the restriction of these deposits in ter-



races and fans 5-10 m above modern stream level
indicate that they are probably late Pleistocene in
age (Simpson and others, 1993). A small, short
scarp in a younger, probably Holocene fan that lies
<5 m above stream level at the mouth of Deal
Creek may represent a younger faulting event, but
the fan surface is very bouldery and the site has
been disturbed by roadbuilding. No other exam-
ples of scarps were found in similar deposits along
the La Grande segment between Mill Creek and the
Grande Ronde River, so the apparent young fault
scarp at Deal Creek may represent young alluvium
draped over a pre-existing fault scarp. Thus most
evidence along the La Grande segment points to a
late Pleistocene age for the most recent faulting
event along this part of the WGRVFZ. The higher
scarps in older deposits, however, are clear evidence
of recurrent movement in the Quaternary. The age
of the large landslide south of Mill Creek is
unknown, but the large scarps located on this
deposit are the result of numerous faulting events
and thus suggest that this deposit is probably mid-
dle Pleistocene in age or older.

Eastern Splay

A prominent, 1.5-km-long fault scarp lies a
few hundred meters east of the main trace of the La
Grande segment northwest of the city of La Grande
(fig. 10). The origin of this feature is somewhat
enigmatic, because despite its prominence in the
landscape, apparently it was not recognized as a
fault scarp in previous investigations (Barrash and
others, 1980; Simpson and others, 1993). This fea-
ture may have been mistaken for a fluvial escarp-
ment or part of a landslide headscarp, but it con-
sists of several straight segments and is semiparallel
to the adjacent range front. In addition, the scarp
cuts steeply across old colluvial/landslide deposits
with a gradient of about 55 m/km, which is more
than 5 times steeper than the gradient of older ter-
race treads and the present channel of the Grande
Ronde River near La Grande. In addition, no evi-
dence of sandy alluvium was found along the scarp,
as might be expected if this feature was cut by
stream erosion. Several recent excavations in the
offset deposits along the highway downslope from
the scarp showed 0.5-1 m of silty sediment (loess?)
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overlying angular and subangular basalt cobbles and
boulders in a muddy matrix; such sediments are
consistent with the interpretation that these are
landslide deposits shed off the high escarpment west
of the city. Landslide deposits and at least one large
landslide headscarp are located a couple of hundred
meters upslope on the flank of the mountain above
these faulted deposits (fig. 10).

The age of the deposits offset by the eastern
splay is unknown. However, the relatively subdued
hummocky topography that characterizes the sur-
face of these deposits suggests that they are not very
young. In addition, several small, poorly exposed
remnants of fluvial gravels are inset into the land-
slide deposits north of the eastern splay (fig. 10).
The fluvial sediments are preserved in at least two
terraces; the higher terrace lies as much as 40 m
above the nearby Grande Ronde River, and the
lower terrace may project to the faulted Grandview
Cemetery terrace along Foothill Road. If the soil
comparisons discussed above are reasonable, then
the landslide must at 2 minimum be older than the
proposed 60-140 ka age of the Grandview
Cemetery terrace and is probably substantially older.
Thus a middle Pleistocene or older age is reasonable
for these deposits.

Despite the antiquity of the offset landslide
deposits, the age of faulting along the eastern splay
probably is similar to the age of faulting along the
main trace of the La Grande segment. A latest
Pleistocene age is supported by limited scarp-mor-
phology data. Two scarp profiles show that the east-
ern splay is 11-12 m high, has 7-8 m of surface off-
set, and has maximum scarp-slope angles of 24°-27°
(table 2). The surface-offset measurements indicate
that this scarp was formed during several surface-
faulting events, and a comparison of these scarp-
morphology parameters to fluvial scarps with similar
northeast aspect in central Idaho and the Bonneville
shoreline in northern Utah indicates that the fault
scarps are morphologically similar to the 15 ka ref-
erence scarps (fig. 11). The apparent latest
Pleistocene morphologic age of the La Grande
scarps is in agreement with the fact thar the scarp
has been eroded and/or buried by Holocene alluvi-
um at its southern end (fig. 10). The exact relarion-
ship between the eastern splay and the mountain-
front trace of the La Grande segment is unknown,



but this splay is too short to be an independent
segment, so they probably have moved synchro-
nously in the late Pleistocene. If true, then the lim-
ited scarp-morphology data from the eastern splay
indicates that one or more surface-faulting events
have occurred on the La Grande segment of the

WGRVFZ in the last 15 ka.

East Grande Ronde Valley Fault Zone

Simpson and others (1993) used fault geom-
etry and recency of activity to break the ~40-km-
long East Grande Ronde Valley fault zone
(EGRVFZ) into three segments (fig. 9). From
north to south, these are the Rhinehart, Mount
Harris, and Cove segments. Most of my work on
the EGRVFZ was focused on the northern end of
the 15-km-long Cove segment in the vicinity of
Gasset Bluff (fig. 12). Simpson and others (1993)
discussed the occurrence of small (typically <3 m)
scarps on late Pleistocene alluvium near the heads
of fans at several unnamed canyon mouths along
the Cove segment, and concluded that this was the
most active part of the EGRVFZ. I did not evalu-
ate the other segments, but I found evidence of
faulting restricted to older, dissected alluvial-fan
remnants that lie several meters above the modern
drainages at the northern end of the Cove segment.
No exposures of these deposits were seen, but their
surface expression indicated a substantial compo-
nent of loess on their surfaces, and a larger fraction
of boulder-sized clasts than the fans related to the
present drainages. These differences imply that the
older fans were deposited under significantly differ-
ent climatic conditions than the youngest
(Holocene) fans. At least five deposits with similar
characteristics are present at canyon mouths
beneath Gasset Bluff (late Pleistocene fan alluvium
on fig. 12). Most of these deposits retain lobate
shapes that may be indicative of deposition as large
debris flows, which would be consistent with the
presence of larger clast sizes in these deposits.
Because they still retain such morphology and are
directly adjacent to and inset by the modern
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drainages <10 m, they are probably late Pleistocene
in age.

These older fans are best preserved along the
Cove segment below Gasset Bluff, a significant
topographic feature formed by several coalescing
landslide headscarps. Large landslide deposits from
these headscarps underlie the reentrant in the
mountain front at the northern end of the Cove
segment (fig. 12). Where not covered by younger
alluvium, these deposits still retain the hummocky
topography that is characteristic of most landslides.
Several secondary landslide headscarps are present
on these lower landslide deposits; these features may
explain the somewhat more complicated fault traces
mapped by Simpson and others (1993) at the
northern end of the Cove segment (compare their
fig. 3-1 with fig. 12).

Profiles were measured across two fault scarps
in the vicinity of Gasset Bluff. These scarps are
developed on steep, probable late Pleistocene fan
surfaces at the mouths of two unnamed canyons
(fig. 12). These two scarps are 14-23 m high, but
surface offsets are substantially smaller (6-11 m)
because of the steepness of the original slopes (table
2). These surface-offset measurements indicate that
the scarps are the result of several surface-faulting
earthquakes. The morphology of the EGRVFZ
scarps is indistinguishable from the morphology of
15 ka scarps in central Idaho and Utah (fig. 8), so
the scarps may be latest Pleistocene in age. This age
is consistent with the restriction of scarps to proba-
ble late Pleistocene deposits at the northern end of
the Cove segment.

Thus my limited field studies generally agree
with the assessments of Simpson and others (1993)
that late Quaternary faulting in the Grande Ronde
Valley is restricted to probable late Pleistocene fault-
ing on the La Grande and Foothills segments of the
West Grande Ronde Valley fault zone and the Cove
segment of the East Grande Ronde Valley fault
zone. Fault scarps on these two segments are
restricted to deposits no younger than the latest
Pleistocene, and yield scarp-profile data that are
morphologically indistinguishable.
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FIGURE 11. Plots of scarp height and scarp-slope angle values from eastern splay of La Grande segment of
the West Grand Ronde Valley fault zone. (A) Plot of northeast-facing fault scarps and two 15 ka reference
linear regression lines for data from scarps of the Bonneville shoreline and northeast-facing fluvial scarps from
central Idaho. (B) Plot of northeast-facing fault scarps and single reference linear regression line for com-
bined data from 15 ka scarps of the Bonneville shoreline and northeast-facing fluvial scarps from central
Idaho; see figure 2 for sources. Note that West Grande Ronde scarps are morphologically indistinguishable
from the 15 ka reference scarps.
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